Background: Increasing evidence links sarcopenia and cancer prognosis, but limited data have focused on whether and to what extent muscle radiodensity can impact cancer outcomes. This study was conducted to investigate whether skeletal muscle mass, when divided into subranges of low or high radiodensity, improves prediction of short-term survival in patients with endometrial cancer (EC). Four skeletal muscle phenotypes were proposed to assess which is the best predictor of 1-year mortality. Methods: Patients with EC who had CT images available within 30 days before treatment (n=208) were enrolled in a retrospective cohort. CT images at the third lumbar vertebra (L3) were used to assess overall skeletal muscle index (SMI), which was then divided into subranges of radiation attenuation: low-and high-radiodensity SMI. The average muscle radiation attenuation (AMA) was also assessed. SMI and AMA were categorized as below or above the median and as below or above 30 Hounsfield units (HU), respectively, to construct 4 skeletal muscle phenotypes: "high SMI + high AMA"; "low SMI + high AMA"; "high SMI + low AMA"; and "low SMI + low AMA". One-year survival was evaluated using the Kaplan-Meier method and Cox multiple regression analysis. Results: All of the skeletal muscle parameters, except the SMI, were significantly associated with shorter 1-year survival. The skeletal muscle phenotype of "low SMI + low AMA" showed the strongest association with 1-year mortality (hazard ratio, 5.36; 95% CI, 1.70-16.51). Conclusions: The additional value of classifying the skeletal muscle into subranges of radiodensity should be explored in the future. Evaluating the impact of skeletal muscle phenotypes on cancer prognosis is promising and must be assessed in further studies.
In the oncology setting, determination of body composition via CT has been considered the reference method, because this examination is routinely performed for diagnosis, staging, and follow-up. 2 Identification and quantification of tissues through imaging methods consider the standard values for the radiodensity of each tissue, expressed in Hounsfield units (HU). Predefined radiation attenuation ranges are used to demarcate adipose tissue (from -190 to -30 HU) and muscle (-29 to +150 HU). 11 Although the HU range that characterizes adipose tissue is well established, 12 there is disagreement in the literature as to which range would be adequate for characterization of skeletal muscle tissue. The generally accepted lower boundary of normal attenuation muscle is between +30 and +150 HU. 6 Some authors do not consider the interval between -29 and +29 HU as a muscle attenuation range, whereas others disregard the range between -29 and +0 HU. 9, 10, 13 However, using this approach, any region within this attenuation range is regarded as being neither muscle nor adipose tissue, which means that a significant proportion of muscle content appraised on CT images in certain individuals would be omitted. 6 Although skeletal muscle tissue has been determined to be within the range of -29 to +150 HU, it is suggested that the range between -29 and + 29 HU should be used to identify skeletal muscle mass with low muscle radiation attenuation. 6 Thus far, studies that have assessed the relationship of low muscle radiation attenuation in clinical and surgical results have compared HU mean values, assuming that higher average HU values indicate lower muscle adipose tissue infiltration and higher muscle strength.
14-16 It has not been described whether the magnitude of the cross-sectional area of high-and low-radiodensity skeletal muscle is related to oncologic prognosis.
Hence, our aim was to investigate whether skeletal muscle mass, when divided into subranges of low-or high-radiodensity, improves the prediction of short-term survival in patients with endometrial cancer (EC) when compared with the average muscle attenuation and the standard skeletal muscle radiodensity used for sarcopenia diagnosis. Additionally, we proposed 4 skeletal muscle phenotypes to assess which one is the best predictor of 1-year mortality in this group.
Methods
This retrospective cohort study included all new patients referred to a cancer treatment institute in Brazil from October 1, 2008 , to December 31, 2014, who had a confirmed diagnosis of EC and had CT scans taken up to 30 days before treatment. Women previously diagnosed with another type of cancer or those with synchronous tumors were excluded from the study, as were those whose lack of CT scans due to hardware artifact or image quality. This study was approved by the Ethics and Research Committee of the Brazilian National Cancer Institute (466.070/2013).
A total of 1,383 women with suspected EC were registered during the study period, of which 1,039 were excluded because they did not have CT scans performed before treatment. Case records of the remaining 344 women who had abdominal and pelvic CT scans before treatment were analyzed retrospectively, resulting in the exclusion of 59 patients because they had already undergone treatment outside the study institution, 14 due to a prior history of cancer or synchronous tumor, and 4 who had no histopathologic report defining the tumor location. After evaluating the CT scans of the remaining 267 women, an additional 59 were excluded due to scan quality (eg, hardware artifact or image quality). This cohort study was thus based on the final 208 patients.
Sociodemographic data and clinical information related to their treatment were collected in the electronic and physical case records, including age, ethnic group, reported comorbidities, histologic type and staging of cancer, type of treatment performed, and 1-year survival. Staging was performed based on the International Federation of Gynecology and Obstetrics (FIGO) characteristic for EC. 17 Body composition analysis was performed using CT scans of the patients' abdomen and pelvis available up to 30 days before treatment initiation. Slices located at the third lumbar vertebra (L3) were analyzed by a trained observer with the aid of the sliceOmatic software program 5.0 (TomoVision, Magog, Canada), which enables specific demarcation of skeletal muscle, expressed in HU. Skeletal muscle index (SMI; cm 2 /m 2 ) was quantified using the reference radiation attenuation ranging from -29 to +150 HU 11 and, after normalization by the square of the stature, represented the overall area of skeletal muscle obtained by the L3 scan. The overall skeletal muscle range was then divided into 2 subranges: the area of skeletal muscle in the range -29 to +29 HU was denominated as lowradiodensity SMI (LRSMI; cm 2 /m 2 ), and the area in the range +30 to +150 HU was denominated as high-radiodensity SMI (HRSMI), representing the cross-sectional muscle area with low and high attenuation, respectively.
It was thus possible to appraise skeletal muscle tissue according to several different aspects, namely (1) the standard SMI, classically used in the literature for diagnosis of sarcopenia, which comprises the overall skeletal muscle attenuation; (2) the skeletal muscle area with lower attenuation and presumably increased intramyocellular triglycerides (LRSMI); and (3) the skeletal muscle area with higher attenuation (HRSMI).
Furthermore, to compare the additional value of our proposed methodology in classifying skeletal muscle according to low or high attenuation, the radiation attenuation for the overall skeletal muscle was also assessed by calculating the average HU value of the total muscle area within the range -29 to +150 HU, because this is the methodology widely used in previous studies to characterize myosteatosis. 7, 8, [18] [19] [20] Because there is no established cutoff point for these variables, they were categorized according to the population distribution quartiles (eg, HRSMI <Q1; ≥Q1 HRSMI <Q2; ≥Q2 HRSMI <Q3; HRSMI ≥Q3; Table 1 ). The radiation attenuation ranges used for the 3 skeletal muscle parameters are summarized in Figure 1 to facilitate comprehension of our methodology and results.
SMI was categorized as below and above the median of our own population; and the average muscle radiation attenuation (AMA) was categorized as below or above 30 HU to construct 4 skeletal muscle phenotypes: "high SMI + high AMA"; "high SMI + low AMA"; "low SMI + high AMA"; and "low SMI + low AMA".
The adipose tissue was quantified using the reference radiation attenuation ranging from -190 to -30 HU for subcutaneous and intramuscular adipose tissue and -50 to -150 HU for the visceral adipose tissue. 11 The estimated total body fat mass was calculated through regression equations developed by Mourtzakis et al, 21 expressed in kilograms and normalized by the square of the stature to generate the fat mass index (FMI; kg/m 2 ). Statistical analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL). Histograms were plotted to evaluate the symmetry of the variables' distribution curve. Variables were considered normally distributed. In the description of the sample, the data were expressed in average and standard deviation for continuous variables, and percentage for nominal variables. Associations between the categorical variables were analyzed by the chi-square test.
One-year survival was estimated by the KaplanMeier method, and statistical significance among groups was estimated by the log-rank test. Those who remained alive within 365 days based on the date of first cancer treatment were censored. All independent variables assessed by the log-rank test that showed P≤.20 were considered for entering the Cox univariate regression model: age, histologic type, staging, comorbidities (eg, coexistence of systemic arterial hypertension and diabetes mellitus), type of cancer treatment, FMI, and the skeletal muscle parameters: SMI, HRSMI, LRSMI, and AMA. The Cox multiple regression analysis was performed according to the stepwise forward method, wherein the variables that showed P≤.20 in the Cox univariate analysis were included. First, skeletal muscle parameters were included in the models as continuous variables, which allowed for comparison of the same magnitude because they have the same unit of measurement (cm 2 /m 2 ). The Kaplan-Meier method and the Cox multiple regression analysis were also used to test the association between the skeletal muscle phenotypes with 1-year mortality. The magnitude of association was determined by the hazard ratio (HR), and variables that showed P<.05 were maintained in the final model. Two-sided P values ≤.05 were accepted as statistically significant.
Results
The study group was made up of 208 eligible women with an average age of 64.2 ± 9.5 years. Low SMI was associated with sarcoma histologic type and a coexistent diagnosis of diabetes mellitus and systemic arterial hypertension ( Table 2 ).
The highest median survival was observed among patients with the high SMI + high AMA and low SMI + high AMA skeletal muscle phenotypes, whereas shorter median survival was found in those with the low SMI + low AMA phenotype. Interestingly, there was no statistical difference in median survival between the high SMI + high AMA and low SMI + high AMA phenotypes (Table 3, Figure 2 ).
Cox multiple regression analysis, after adjusting for confounding factors, showed that both AMA and HRSMI presented the best protective factor for 1-year survival (patients were 11% less likely to die with each increment in 1 cm 2 /m 2 ), followed by LRSMI. SMI as a continuous variable did not predict 1-year survival (Table 4) . When the skeletal muscle phenotypes were considered in the Cox multiple regression analysis, only low SMI + low AMA showed an association with 1-year mortality. FMI was a protective factor for this outcome. Similar results were obtained when the regression was performed with or without the sarcoma histologic type included (Table 5) .
Discussion
In the present study, all the skeletal muscle parameters evaluated proved to be related to adverse prognosis, being significantly associated with 1-year survival, except for the SMI. Considering the different analysis appraised, AMA and HRSMI showed the best association with 1-year mortality.
Low SMI was found in 26.4% of the patients and was significantly more frequent among those with the sarcoma histologic type. Metabolic and inflammatory alterations that occur more markedly in aggressive cancers result in an increase in proinflammatory cytokine levels, hyperinsulinemia, and a reduction in calorie intake. These factors may be a plausible explanation for the worsening in nutritional status, because they promote loss of body mass, including muscle mass and adipose tissue. 22 A direct association between skeletal muscle attenuation and the host systemic inflammatory response in patients with operable primary colorectal cancer has been also described. 23 After appraising the a SMI was calculated in the range -29 to +150 HU, representing the overall skeletal muscle. The subranges low-and high-radiodensity SMI were calculated using the skeletal muscle area in range -29 to +29 HU and +30 to +150 HU, respectively.
High-radiodensity SMI Low-radiodensity SMI nutritional status of women with gynecologic cancer through the Patient-Generated Subjective Global Assessment, Rodrigues and Chaves 24 identified a significant association between the advanced stage of cancer and the greater frequency of nutritional risk or severe malnutrition.
Low SMI is a well-consolidated predictor of mortality in oncology. A recent meta-analysis assessing the impact of sarcopenia on the mortality of patients with solid tumor cancer concluded that sarcopenia is associated with the worsening of overall survival, irrespective of the type and stage of cancer. 5 Although other studies have previously demonstrated decreased survival in patients with cancer with low muscle attenuation, which is in accordance with the present study, they used a different approach to define muscle quality, which was limited to determine the average muscle attenuation for the comparison of clinical and surgical outcomes. 8, [18] [19] [20] 23 We hypothesize that the determination of the low/high radiodensity area is more appropriate in characterizing muscle quality than merely classifying the individual according to their average muscle attenuation, because it allows identification of the amount of skeletal muscle area with high-or low-radiodensity. To our knowledge, no studies have been reported that use a similar methodology to investigate muscle radiation attenuation. Our results suggest that a higher amount of high-radiodensity muscle has a similar protective effect on short-term survival compared with high AMA.
Because our results show that skeletal muscle characteristics, related to either quantity or quality, may coexist, evaluating cancer prognosis according to skeletal muscle phenotype is a promising tool. Considering that we did not find a statistical difference in median survival time between the phenotypes groups high SMI + high AMA versus low SMI + high AMA, we hypothesize that there is a minimum amount of high-radiodensity muscle that exerts a protective effect in cancer prognosis, despite the presence of low SMI. This may also be the explanation for the lack of association between SMI and mortality.
Thus, the additional value of using HRSMI for the construction of skeletal muscle phenotypes to assess cancer prognosis should be exploited in the future. Further studies should explore this finding in a greater sample size, with different cancer outcomes, and consider the evaluation of other phenotypes than the proposed phenotypes in our study, especially with regard to the inclusion of fat mass. It is also important to consider the assessment of functional capacity in patients with cancer with different skeletal muscle phenotypes. Interestingly, muscle quality (assessed based on Low SMI + low AMA: SMI < median of the population study and average skeletal muscle attenuation <30 HU, respectively. High SMI + high AMA: SMI ≥ median of the population study and average skeletal muscle attenuation ≥30 HU, respectively; low SMI + low AMA: SMI < median of the population study and average skeletal muscle attenuation <30 HU, respectively.
muscle-strength), regardless of the quantity (determined by dual-energy x-ray absorptiometry), has already been shown to be determinant for decreasing the risk of aggravation of functional capacity in healthy elderly individuals. 25 Lastly, FMI likewise proved to be a protective factor for early mortality. Studies evaluating the role of FMI in cancer outcomes are scarce. However, this obesity paradox has already been shown for other chronic diseases and certain types of cancer. [26] [27] [28] The principal limitation of the study is its retrospective design, which restricts the gathering of data in relation to the quality of information obtained and due to the amount of absent data. Moreover, because the cohort consisted only of women who had CT examinations before treatment, and given that this examination is not routinely performed in all cases, our sample comprised patients with a greater incidence of advanced-stage cancer, sarcoma-type histology, and nonendometrioid histologic subtype, which is different from what is expected in the ordinary EC population and interferes in the prognosis of this tumor. 29 However, although the mortality rate was higher than expected for EC, after adjusting the result to consider these potentially confounding variables for 1-year survival, all of the skeletal muscle parameters persisted as independent predictors of survival in the Cox regression model.
Conclusions
We found that classifying skeletal muscle into subranges of radiodensity had an additional value compared with using the overall skeletal muscle area (SMI). These results reinforce the need to expand investigations in this area, because a combination of unfavorable phenotypes of body composition can worsen the impact on patient outcomes. Particular attention must be given to the low SMI + low AMA phenotype. Even so, there remained the need to define a cutoff point for classifying skeletal muscle quality, both with respect to HRSMI and LRSMI. The additional value of using HRSMI and LRSMI in skeletal muscle phenotypes to assess cancer survival and other outcomes should be exploited in future studies.
